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Abstract; In order to investigatethe key UGPase genes responsible for UDP-glucose biosynthesis, uridine diphosphate
glucose pyrophosphorylase (UGPase) family genes in Rhus chinensis were cloned relied on third-generation transcriptome
data, and protein sequence, prokaryotic protein expression and in vitro enzyme catalytic activity, gene expression
pattern, promoter cloning and sequence, etc. were analyzed. The results were as follows: (1) Four ReUGPase family
genes were identified, their encoded proteins were subjected to bioinformatics analysis, and their protein sequences were
further compared with the homology genes in other species by constructing a phylogenetic tree, which suggested that
RcUGPasel and RcUGPase3 belonged to UGPase-A class and UGPase-B class, respectively. (2) RcUGPasel
RcUGPase2, and RcUGPase4 were successfully cloned and recombined onto pET28a vector, and recombinant proteins
were obtained via the prokaryotic expression vector. In vitro enzyme activity analysis revealed that the RcUGPasel
exhibited UGPase enzymatic activity. (3) The in vivo UGPase activity was significantly increased during the early
developmental stages of Chinese gallnut formation (21 d and 47 d), which was consistent with the gradually rising
gallotannin content reported in previous studies. (4) During the early developmental stages of Chinese gallnut formation
(21 d and 47 d), the expression of ReUGPasel was dramatically up-regulated, the expression of ReUGPase2 was down-
regulated, and no significant changes were observed in the expression of ReUGPase3 and RcUGPase4. (5) A 2 334 bp
upstream promoter fragment of RcUGPasel gene was cloned, this fragment was predicted to contain multiple
environmental and hormone response elements that may involved in the upstream regulatory network. In summary, based
on in vitro enzyme activity analysis and the correlation between gene expression with in vivo ReUGPase enzyme activity
and gallotannins contents in Chinese gallnut, RcUGPasel may be the key enzyme gene catalyzing the synthesis of UDP-

glucose in R. chinensis, and the elevated UGPase enzyme activity during the early developmental stages of Chinese

gallnut might play a key role in the accumulation of gallotannins in Chinese gallnut.

Key words: Rhus chinensis, Chinese gallnut, UGPase, UDP-glucose, synthesis of gallotannins

Bk K ( Rhus  chinensis ) & & W Fh
( Anacardiaceae) Th Ik AR JB ( Rhus) ¥ M /N K, TE
b BR AR A L PN 52 R R S L X LA AN )T 0 A
(ATFEVR 45 ,1980) o Eh R ATE P E A &L AN
FHP7 s HAR it FEFSR SR AT LLAZy HA T A
fif 3 W 115 RO Lk i R0 & 55 05 4% SR (%=
BREF,2019) , BARARZ G FH R AT FEZ —,
FCA AR 0ok HUONT 0 S5 AT T 40 A 24 i g
N4 HAG T, R EA S 2y, BIESE(2022) b
RERY, TG TH ZF 25 IOE, Pl i P .
b Wit mr oA AL U A, R K iR
T, AT IR 2 A K Tl B FR B IR A %
KIRZ— o FRIRA TR M 55 A8 25 IR 5316 B A S 4
Y, HEA WS &4 I E S m A ER, Hikd
J R - e S B ( E AR SR, 2022) 0 FEAR
b b BRI R B B AR W, RORL | i N A
] REOR DR ELAT — i 09 2% TR AR D T A A
2015) , BT LA TFEEZ LT shP e &2
IR A A AR 2y TR E T i (K5

56,2020) , H AT FLAS 1Y IR R R 114K 4
fr 4 e AR 17 BB 2 T T R 15 fifp ke g ) A

JR H — B B2 #) % ¥ (uridine diphosphate
glucose, UDP-H % #, UDPG) | IZ A4 THLWY) . 8h
Py AGE Wy 20 b AR DD RS R 2 5 2 M Y
TROBEEAL SO, OB T OB B AR iR B S R,
FRZHEIE AN TEME LT 4 R ML 2P 4E R F A=)
AW (Wang et al., 2011; Ye et al., 2022; Zhang,
2024) . Zhao % (2025) 41 T £ 2 DUR 5] A
T IRERE G B (ASUST) 43 18 UDP-H 45 B , S 8L %
DURBESN P DURH V0BG 0, 3BT MRS
it UDP-#i%j 4%, BLAh, UDP-HI A i iE 2 5 A £ 1k
A AR G B R 28 | ThE 2K R IS [ A 1 AR R Ak
J2 % ( Yonekura-Sakakibara, 2009) , #X1M, fEIX &
FHTERE RS, IR E FIRYS UDP-# A8
JEY)E L BB R B TR T A A N
() SR — 20 RO, O LS 2209 & A 75 L B-
BB F5 T 1 0 08 3 146 4 A gk — 25 i Ak AR Bl o T
(Grundhifer et al., 2001), [ i, UDP -4 % 4§ 4=
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Y& s A S A e TR T IE RS
R, I, SRR A i AL UDP - %5 4 A= 6 il
{14 G B il 5 TR o R DLl AR R R T
B I AR A B

TERE D) B AR R AR b, PR Wi R ) %4 b
£ B R ik B ( uridine
pyrophosphorylase, UGPase ) ff 1k JR 1 = #f B2
(uridine triphosphate , UTP ) 5 7 % ##-1-% /2 ( Gle-
1-P) Az il BR Y 8 R 40 %9 W5 (UDPG) 5 £5 W R
( pyrophosphoric acid, PPi) , 1% < I & — 4~ 0l ¥ 2
m(Zhang, 2024) , Elﬁﬁ, ETEZ Y s
T UGPase B:H , WK FG ( Oryza sativa) ( Abe et al.
2002) #AFEIT (Arabidopsis thaliana) ( Meng et al.
2008) Fti i ( Gossypium hirsutum) ( Wang et al. ,
2011) . K % ( Hordeum wvulgare) ( Eimert et al.,
1996) . 55 % % ( Solanum tuberosum ) ( Katsube et
al., 1990) .4 £83% ( Anoectochilus roxburghii) ( #% 7T
e S5 2021) Bk B2 A M ( Dendrobium  officinale )
(Chen et al., 2020) F14& 2 ( Codonopsis pilosula)
(FAE,2016) 45, (R, EhIRA 2% g0 5 2 X iF
A Fp itk — LT

ST TG T T A AR R T A
TR, T & A T 8 AR B2 A
{ELFR ol AN B B SC B IR A B T 5T 8 K
F18) X B 8] 42 B DR X6 T ik A TR 7 v BT v AR
R LA e 57 G R A B R X,
PRI, AT 5 ) ) 95 5 B P 2] o3 | T O
W IR BT KSR o0 S T B AR ST ER R
AP AL B 7 5T TR Y BT UDP-# &M AR W)
AL CEE UGPase JE N, it — L AT I & F 1R
TAE AL T i B B S I 2 K

1 #HE 7 *

1.1 iR Be#F 4

ARIS BT HAE AR R A b ' E
FUG B B AT H 2 R A R TR 53 A R R
550 RAORE, MR UL 21 K 47 K69 K105 K
R A9 A i o 1T e 7= A 1 A MR SRR LA T
Je VI B P A A5 0 k4, B T IO A P R
Ul sk, Tl EGE R G & T - 80 °C M IR R vk 46 77
fE HTIREEs, G FAF KRG B RdA
B i AR ECE S 7 DMumina P76 5E5L, I 1%

diphosphate  glucose

B3 WAEYER,

AR B A 8 11 % 3% 3K BL21 (DE3) 32
AN A R at v R A W BRIy A BR A
(€504-02/03) , KA HFH DHSo 852 725 52 B
il B RAT
1.2 £MERFESH

FI ] ExPASy %48 & ( https://www. expasy.
org/ ) TN 73 B &6 O AL B H 3 T8 555,
s Al O TMHMM  Serverv. 2. 0 ( https://services.
healthtech. dtu. dk/services/ TMHMM-2. 0/) , TMbase
(https: //www.scienceopen.com/document? vid=b09
4d235-h24c-4d97-b7af-47¢68d36f380 ) I Transporter
Classification Database (http ://www.tcdb.org/ )3 %4
i ETIUIN 43 B B IR E LS A 5 H s R 3 4
TEZ B0 PE 2 CELLO v2.5 (http://cello. life. nctu. edu.
tw/) | Plant mPloc ( http://www. csbio. sjtu. edu. cn/
bioinf/plant-multi/) 1 WoLFPSORT ( http://www.
genscript.com/ wolf-psort.html ) TN 43+ By £ 1 A4 7. 2 Jfd
FEDLIEOL, R T B v T 25 5 0w A B B
SR E MR L CELLO v2.5 $dis 1 2ok n] 4
PP > 2.0, Plant mPLoc 4% FE AT — ) 45 3
WoLFPSORT ¥4 /¢ ) #5143 > 7, FI il MEME 1
28 ¥ 3l (https ://meme-suite. org/ meme/ tools/ meme )
P 73 BT ReUGPase £ 11 A9 35 5 (motif ) ; F H
PlantCARE 7£ 28 ™ 3 ( https ://bioinformatics. psb.
ugent.be/webtools/ plantcare/html/ ) Fi il 43 #7 )3 2+
P40 i FH MEGA X B4 19 48 # 32 ( neighbor-
joining) HIH T H O 7 E1 B9 5 5 ik T 8, 9 32 1
evolview 7TE Z& M ¥ ( https://evolgenius. info//
evolview-v2/ ) X AL AT A4 AL B
1.3 {54 mRNA PRI S RER

i FH B st MERE AR W BRI A IR A R 2
W2 i £ ( FastPure® Plant Total RNA Isolation
Kit,RC401-01) #EATER R A M 7 &L RNA $2 L, $&
HUSE A RNA 758 ] NanoDrop2000 #8 i i 43 ot
FERETHIE RNA 2R, BIEER AL 5 A, B9 HUAE
TE 1.9 ] 2.1 ZI] A, 5 Ay IHE KT 1.5, 5
fd 10 190 4 B2 1 BRI 0E B I H Uk ARG I I 75 RNA 2
TP EE A DNA B4y, il & 2R 9 RNA fil
R KA BRI A R 7] (LA 6 FR
BE R KA ) 1R SRR & (BeyoRT™ 11
First Strand ¢cDNA Synthesis Kit, D7168S) [ ¥% 5%
cDNA, I T Ja 221y L [ vl
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FIH % 26 15 2 4k pET28a #4 2 4 K I8 %
i, B, Wit R F Y RS Y, Jf b
pET28a FiR 4L BamHI WY J5 1Y 8 5 (57 31
FF %1 5 AGCAAATGGGTCGCGGA, 3’ ¥ JF 41 Jy
CGGAGCTCGAATTCGGA) , HWk, LA &R Bk A 1 B
24 RNA S5 100 cDNA SRR 58 B iy 5
Bt PRI K pET28a A BamHI BV 2P0 IS
S aliftb iy B w3 A B EAT in-fusion F AL, Xt
EEAL B BHE R HEAT PCR B0 3F 5 26 0% . R,
BRI IEWR B pET28a 520 34K %% 1k BL21 ( DE3)
KW AF 1, 38 2 0k R 6] IPTG W (0,0.5.1
mmol « L) i SHE (4~10 h) 5iFFIRE (16
CHI37 C) AT IRZFHRRIE, &5, FIH L&
B RN His bp 28 H 247 & (P2226) i3
TEAESRRL, EARCWA LEE S
KA (PO061)

1.5 UGPase BgiE £ E

T AR 0 DR Tl T T 4 A 1l T L G 0 1
DT e A 3R] & (T 2N 36 R TR R 2 B 4L
HIRA T, GMS16025) %t UGPase & [ ¥ 17 fiff %
PR, FIH Bradford ¥ X} 4l A6 2 (1 7 & 547 2
i, DS DI 2E % G-250 YL {45 1Y S [A] vk 3
& BSA WEWAE 595 nm P KT B WG B 2 A o
M2, B 2 R A ) BE 28t 2% i 52 85 G-250 4t
5 M i 595 nm WG R AR HE bR ofE il 23R4S R
HIZE MR BE . UGPase [iff 16 M4 0 %2 1) FH 1 b A 1F
17, kS BRI &

1.6 FBE L ( genome-walking )

FIH Genome Walking Kit i 5] & ( TaRaKa,
6108) P e AR Ji 3 7 1 B, 3 [F) ] ik & 1
3 NEESEED ) SPL SP2 SP3 5514 AP 4
& # 17 TAIL-PCR ( terminal asymmetric
interlaced PCR) , %f ¢ 5 4 7= W o 17 & 48 DU 3R 15
KEF N FI7 5, G @ik 2% 2% 60 & vl W
B kiEtT

2 R E M

2.1 3K UGPase RIEEEAMEER RBEDE
i

FRAE T 4119 bR — 0 TR A 2 B £ R b g
(UGPase ) R 5 % 1) PR <F 25 44 35k ( PFO1704) , A

TRGZH AT 99 0 JR A I 7 20 21 = ARG s 20 D ) 4
PErp A RS 2] 9 1L Y unigene FEH, #E—
FIC4r, JF #E A7 5L A o B 30 i, o 4 4R 45 4 A
UGPase [a] Y5 3 R I K5 243 5 47 44 F ReUGPasel |
RcUGPase2 .RcUGPase3 RcUGPased (e 1) , H 4w 15
B AR RECH 5390 h 469,635 873 Fl 625,
FIF ExPASy %40 2 #5000 73 Bt & B, 4 A4 Y 43
BN 51.62.70.69 ,97.23 68.96 kDa, 2 Hi

MR 6.12.8.66,6.45.5.99, Kl i TMHMM
Serverv. 2. 0, TMbase FI Transporter Classification
Database 3 /M348 72 0 I 43 B & B0, 4 A8 1A 5
JEIRFEL MR H 38 0, [R5z A CELLO v2.5
Plant mPLoc fll WoLFPSORT 3 44 &2 Wl T 4
AN BN E AT . 2R 3 AU A Y T
S T SO I 4 S A R N s e 8 3 7 i VAR I 1
JBT ZRLAA | S (AR A ST
2.2 #BXR UGPase EEHIRE D

PAERY B 5 53 5438 T #4F 97 ( Meng et al.,
2008) .JKF&H (Abe et al., 2002) | 542 2 ( Katsube et
al., 1990) R4 2R3 (R ooHES,2021) Y h A
6Pk B UGPase Wi, JF H — M A b 77 16 P 2K
UGPase [iff , Bl UGPase-A 1 UGPase-B ( Kleczkowski
et al., 2010), A T #F — 25 B 8 48 ik A b i 1k
UDP - 45 Bl 5 W1 DG B UGPase fiff, 15 4 A~ Eh kA
UGPase 15 13 A HABY) R BA A T £ 14 )
BEAWE TR W, 458 (K1) BR.
ReUGPasel 5 J& T UGPase-A 2§ i StUGPasel
StUGPase2 %%é%%/%%iﬁ;RcUGPase?) 5 AtUGPase3
EG KL R &I, W& R JE T UGPase-B 25 #Y,
RcUGPase2 Fl1 ReUGPased 53X W 2K 45 AR G &
[P L
2.3 i BkK UGPase EHEF 0

H— 2 F ] MEME v5.5.5 4% 75 28 5 2 %
ERRAH 4 4> UGPase &5 H M 13 N HAHE Y 1Y
UGPase £ 17 9 #4178 11 5L 5 (motif) 73 # . %
B motif KLH N 15 4>, BUE R/MXETE 5~ 60 12
ez m, ME A motif o 1 A LA,
RcUGPasel 5 AtUGPasel HI AtUGPase2 24
UGPase-A JE3 1 AY 80— 2, 35 11 5k Jy 25 A ADLE
&1, 1 ReUGPase3 5 UGPase-B 284 FH AtUGPase3
Ee—H(E2), UESERSEHTFIRGEHL
SIHTEIAER (B 1) — 2, 5 AT ReUGPasel
J&T UGPase-A 225, 1M ReUGPase3 J& T UGPase-B
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Table 1  Bioinformatics analysis of UGPase family proteins in Rhus chinensis

et o ok . o e B A S 2 A2 F
Number of Relative molecular mass . . Number of transmembrane Prediction of subcellular

Gene name . . Isoelectric point . .
amino acids (kDa) helices localization

4 )

ReUGPasel 469 51.62 6.12 0 AL
Cytoplasm
ReUGPase2 635 70.69 8.66 0 . LRI .

Mitochondrion
%

RcUGPase3 873 97.23 6.45 0 e

Chloroplast
4

ReUGPase4 625 68.96 5.99 0 :Hﬂ@ﬁi

Cytoplasm
9 2 .
% = g
e} @ 1] >
(S o) Q. <
S 0! z o >
< ® 7 S Q
(© g B 9
% g
. 3 RN

Re. $hEA; At IEISF; St. D42, Pt BREILM; Am. &1, Cm. &FJK; Os. KFG; Hv. K, Ar. £4%, T,
Re. Rhus chinensis; At. Arabidopsis thaliana; St. Solanum tuberosum; Pt. Populus tremula X P. tremuloides; Am. Astragalus membranaceus ;

Cm. Cucumis melo; Os. Oryza sativa; Hv. Hordeum vulgare; Ar. Anoectochilus roxburghii. The same below.

B 1 #HBKAK ReUGPase | B KRR 5L B3 43 4
Fig. 1 Phylogenetic tree analysis of ReUGPase protein family members



8 AR HRAH UDP-H A G MO UGPase K 1 7 [ 5 RE TN

B PIE I E 7Rk

Name P value Motif location Motif symbol

ReUGPasel 000 I T W 0 ; .

ReUGPase2  5.14x102% p— I BN R 3 m—
6. I

RcUGPase3  9.48x10°% [ e 1 'Y =

RcUGPased 472107 — ]§ §

AWUGPasel 0,00 (RS [ g .

AtUGPase2  0.00 I W [ T S

AtUGPase3  1.26x1071% Il -l

OsUGPasel  0.00 T 7 W (1

OsUGPase2  0.00 O (1 W [T

StUGPasel ~ 0.00 fEae | [EEiE e

StUGPase2  0.00 NN T W 7]

HvUGPasel  0.00 I T W

CmUGPasel 0.00 M (.

PtUGPasel  0.00 IO 7 W 11

PtUGPase2  0.00 e | [ e

AmUGPasel 0.00 N 1 W 07

ArUGPasel  0.00 NN 7 W [

B 2 MEME fillf) UGPase EREF
Fig. 2 Motifs of UGPase protein predicted by MEME

FE A, FhK A B AT B8 R B A7 AE UGPase-A 28 Al
UGPase-B 2§ UGPase i,
2.4 ThAXK UGPase EEHRZREHEMMES
Fy B AR 5GGE £ Bk K UGPase fE H 2 & H A
UGPase [ 1 P, 76 I 3R A= W1 (5 B 2% 5 A 10 3 il
b pET28a H 20 KA AR AT B AL T R
ik, LLRR A cDNA B 17 PCR 9744,
A% ReUGPasel \RcUGPase2 1 ReUGPase4 iX 3 1~
FOBy 28 B Be, RANAF & 00 (18 3. A), T
RcUGPase3 KBEY R I, 2 J5 54 BamHI [k
AL pET28a 24K (& 3:B) #E4T in-fusion 4 |
DU AR A5 0 1 1Y S 2 354K, FF 3 1> ReUGPase 25
H 1Y pET28a 2 2 /K 7% f K I #T 1 BL21( DE3)
bR, IE AT IR 3R . IR TPTG W |
V5T B B I [) R A 0 % 2 B, 7E 1 mmol - L7
JE IPTG 16 C %S 10 h &4 F 2 i § % ik
RcUGPasel .RcUGPase2 1 ReUGPase4 X 3 N~ 4H

EH(K 3. C-E), AT H P othHEA
RcUGPase % H J& 75 H A 1K 4h UGPase i 1% P, #
FHEAEX I S R (L E AT T gifb, IF R RDG 5 k
XT3 NE 4 E 1 RcUGPase 1 1R 4 g Ak, Bl v 4 17
TTT RS, 4558 BR, ReUGPasel 20 & H
() FC G A 4.583 U - mg™, Hoth 5 20 28 1 AR K6 )
S
2.5 Bk AK UGPase RIxE B RIEEX D
NT i — I ReUGPase R F ik E 5%
BFHRT A B R B, X 2R84 T o
A HAEF AR & B AT (0.21 .47 .69 105 d) 5 5%
HBAEIEAT T 00, 45 R BN, ReUGPasel 15 A%
TR S 21 KA1 47 RFHFERFE LW, 69 d
JE R FNEH K (Bl 4:A) s ReUGPase2 B3 5K
EOMGTFHEBTREEH FTHAEE(E 4.8);
RcUGPase3 B9 3% ik b A B % (K 4. C);
ReUGPase4 TE TAG+ K BWIHR IR A B 3E 69
dFRETH (K 4:D), LT RKE AN B
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B 3 RcUGPase EAMEZIFSRIE

Fig. 3 Prokaryotic induction expression of ReUGPase proteins

ReUGPase FIEIE R 235 5 A8 A i) 25 5P 4 0 H A
HAE TR E SR BA KRR D6E,

I 4h, Chen 55 (2018 ) WF 58 & B, 7E T A5+ &
B T O SO N RS BT S 1 AR
FEHE S5 R R ReUGPasel B35 7E X — I
WS, B, FRATTR AR ) PR R A
T A B T A TG 2 DY 15 1 AR DN 3 ) A ) T
TR T RE (0,21 .47 d) HE A H UGPase il
WAL, SR (ES) B, S HE IR 0 X
I, I F R T 21 KM 47 Kt s FHE A
FEIY 1 ReUGPase i 6 M o 248 55, X R 7E
TG T RE WY, UCPase B TR S B ERE, N

TR E TR RRAAEYE IR ALR Y
2.6 RcUGPasel B FRIINZESIRXERT
45t

Jitk— 5 ReUGPase 15 L ik R % & 1 B4
TG R ] b R R 2 R 4R SR
ge LB AR e R 3h 7y, ZBIEBIEA
750 ) U8 JE AL B 3T 2 7R ReUGPasel J& T UGPase-
AR HERBREIR/TFEER MBS B, 5&E
FHT R R NAKN B UGPase Jif 75 P 52 1EAH ¢,
HF AR IR 0 8 2 8 B A MR P FATT
S KL T ReUGPasel & H, w5 7T
ReUGPasel J:H ATG [l 2 334 bp ()i 8h 7%
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Fig. 4 Expression levels of ReUGPase family genes in different developmental stages of Chinese gallnut
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Fig. 5 Analysis of UGPase activities in crude proteins
during the early three stages of Chinese
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ReUGPase JE [ 1) ) GE 3547 ¢ Ar 5 [5) i, 3 3 v B
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BT 1A O PE LG B8 T 5L,

T B e AL 2 — B DL B i 5 =, )iz
Z: S5 A R A Y6 NS 86, i UDP-
W S A AR R A v B DL R I A 2 —
(Wang et al., 2019) . Grundhsfer &5 (2001 ) iff 5
KB AEBR T HT G M R, UDP-A S

& 2 RcUGPasel J33hFH I 4 A T 4 T
Table 2 Cis-acting element prediction of

the ReUGPasel promoter

JCf 4 FR (ANl JL I Re
Name of element Core sequence Function of element
ABRE ACGTG JI5E % e )i S
Abscisic acid responsive element
ARE AAACCA P A AL IR ST 1
Antioxidant responsive element
Box 4 ATTAAT G R T
Light responsive element
CAAT-box CAAT TR SR
Enhance transcription
CAT-box GCCACT IR AU T
Meristem specific element
CCAAT-box CAACGG MYBHv1 4540 5
MYBHv1 binding site
CGTCA-motif CGTCA AR g S T
Methyl jasmonate
responsive element
ERE ATTTTAAA AR N e
Ethylene responsive element
G-Box CACGTT SR Te
Light responsive element
GATA-motif AAGATAAGATT )BTRS
Light responsive element
Gap-box CAAATGAA(A/G)A i i e
Light responsive element
I-box GTATAAGGCC S R Te
Light responsive element
MBS CAACTG TRESH MYB &5 4415
Drought-induced
MYB binding site
MYB CAACCA MYB 456107 55
MYB binding site
MYB recognition CCGTTG MYB B A5,
site MYB binding site
MYC CAXXTG SRR IR 157 I 1
(X=A/T/C/G) Jasmonic acid
I‘eSpO]’lSiVe element
P-box CCTTTTG JRBE 2R A R TT
Gibberellin responsive element
STRE AGGGG JO7 8 IS W R T
Stress response
responsive element
TATA-box TATA/TATTTAAA/ e SRR 1
ATATAT Transcriptional start site
TC-rich repeats ATTCTCTAAC 977 135 iy 36 ) 7 76 1
Defense and stress
responsive element
TCA-element ~ CCATCTTTTT KA 2 W g TC A
Salicylic acid
responsive element
TCT-motif TCTTAC S R e
Light responsive element
TGACG-motif TGACG SR P R e 7T

Methyl jasmonate
responsive element

e R Te

Light responsive element

chs-Unit I m1 ACCTAACCCGG
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VB i — S AR AR IR B o 5 (9K AR
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Wi W2 AR R SR FT R A 5, AT 5 98 4% A% 1
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